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(54) FERROMAGNETIC METALLIC COMPOUND FILM, ITS MANUFACTURE, AND 

MAGNETIC RECORD MEDIUM 

(57)Abstract: 

PROBLEM TO BE SOLVED: To p rovide ajerromagnetic metallic com pound film.w hich.can be 
usedjorji igh-densit y recording, by fixing saturated magnetic flux density of the film within a 
specific range, and making vertical anisotropy energy of the compound film controllable to an 
arbitrary value in a specific range by controlling the size and thickness of the area where the 
atoms invaded into the compound film are regularly arranged. 

SOLUTION: A ferromagnetic metallic compound film is formed on a single-crystal substrate 
and composed of a body-centered tetragonal crystal, which is formed on a single-crystal 
substrate and in which nonmagnetic atoms of N or C are made to infiltrate into at least one 
kind of ferromagnetic metallic atoms selected from among Fe, Co, and Ni and a magnetic 
recording medium is constituted in a mutilayered film containing at least one ferromagnetic 
metallic compound film thus formed ^fan Fe16N2^ ngle-crystal film formed on a single- 
crystal substrate, the vertical anisotropy energy is adjusted to an arbitrary value between 6x 
106 erg/cc and 25x106 erg/cc when the saturation magnetization of the film is 29.2±0.7 kG. 
For an Fe-N martensite film, the vertical anisotropy energy varies between 1 x106 erg/cc and 
5x106 erg/cc, when the saturated magnetic flux density is 24.2±0.5 kG at a room 
temperature. 
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* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1 . This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2 **** shows the word which can not be translated. 
3. In the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1] Between the crystal lattices of the pure metal or alloy which consists of iron (Fe), cobalt (Co), 
and at least one ferromagnetic metal atom of nickel (nickel) In a compound film with the body-centered 
tetragon into which the nitrogen (N) or the carbon (C) atom which is a nonmagnetic atom was made to 
invade When the invasion atom in the aforementioned compound film controls the size and thickness of 
a field which were arranged regularly Saturation magnetic flux density has constant value to fixed 
composition of the compound concerned with one value of 20 or more-kG 30 or less kG within the 
limits. And the ferromagnetic metallic-compounds film characterized by the ability to control by within 
the limits whose perpendicular anisotropy energy of the film concerned is lxl06erg/cc or more 
5xl07erg/cc to any value. 

[Claim 2] The ferromagnetic metallic-compounds film charged by the above-mentioned claim 1 is a 
Fel6N2 (001) single-crystal film, and, for the perpendicular anisotropy energy in the room temperature 
of the film concerned, saturation magnetic flux density is 6xl06erg/cc or more 25xl06erg/cc at 
29.2**0. 7kG. Ferromagnetic metallic-compounds film characterized by having a Fel6N2 (001) single- 
crystal film controllable to the any value of the following ranges. 

[Claim 3] The ferromagnetic metallic-compounds film characterized by saturation magnetic flux density 
having nitriding **** which is nitriding **** in which the ferromagnetic metallic-compounds film 
charged by the above-mentioned claim 1 has the martensite structure below 15at.% more than nitrogen- 
content 0.1at.%, and the perpendicular anisotropy energy of the film concerned can control by the room 
temperature in the state of 24.2**0.5kG in the range lxl06erg/cc or more 5xl06erg [/cc ] or less. 
[Claim 4] It is nitriding **** charged by the above-mentioned claim 1, and the nitrogen content in 
nitriding **** is below 15.0at.% more than 0.1at(s).%. The crystal structure of the nitriding **** 
contains at least a part of one side among Fel6N2 and Fe-N martensite. saturation magnetic flux density 
at a room temperature in the state of 24.2**0.5kG [ the perpendicular anisotropy energy of the film 
concerned ] The ferromagnetic metallic-compounds film characterized by having nitriding **** which 
changes in the range lxl06erg/cc or more 25xl06erg [/cc ] or less. 

[Claim 5] The ferromagnetic metallic-compounds film characterized by having the multilayer- structure 
film which contained at least one layer of ferromagnetic metallic-compounds films shown by the above- 
mentioned claims 1-4 during film composition. 

[Claim 6] When producing the ferromagnetic compound to the above-mentioned claims 1-5, it is N2 as a 
controlled atmosphere. It is NH3 in gas. Gas which mixed gas by 35% or less of concentration 0% or 
more, Or it adds to the aforementioned mixed gas and is H2. The gas which mixed gas by 20% or less of 
concentration 0% or more is used. The production method of the above-mentioned claim 1 characterized 
by producing using the single crystal or metal membrane which a lattice constant becomes from 5.653A 
or more material 6.05 8 A or less as a substrate by carrying out the vacuum evaporationo of the Fe 
directly on the aforementioned substrate, or a ferromagnetic metallic-compounds film given in five. 
[Claim 7] When prod ucing the ferromagnetic compound to the above-mentioned cl aims 1-5. it is CH4JjQ 
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Or it adds to the aforementioned mixed gas and is H2. The gas which mixed gas by 20% or less of 
concentration 0% or more is used. The production method of the ferromagnetic metallic-compounds 
film characterized by carrying out the vacuum evaporationo of the Fe directly on the aforementioned 
substrate using the single crystal or metal membrane which a lattice constant becomes from 5.653A or 
more material 6.058A or less as a substrate. 

[Claim 8] It has the structure of passing the gas deviation mechanism in which the production equipment 
is indicated by the above-mentioned claims 6 and 7, and consists a slack controlled atmosphere of heat- 
source equipment or apparatus for generating ion in the production method indicated in the above- 
mentioned claims 6 and 7. The production method of the above-mentioned claim 1 characterized by 
controlling the nitrogen or carbon concentration in the film which the deviation state of gas is changed 
and is produced by changing the input energy supplied to these gas deviation mechanism, or a 
ferromagnetic metallic-compounds film given in five. 

[Claim 9] The production method of the ferromagnetic metallic-compounds film characterized by 
closing changing the size of a perpendicular magnetic anisotropy in the ferromagnetic compound film 
indicated to the above-mentioned claims 1-5 by the temperature which carries out a heat aging treatment 
at the sample temperature of the 150-degree-C or more range of 250 degrees C or less in the vacuum 
atmosphere of 1x10 to 7 or less Torrs, and time if possible. 

[Claim 10] The production method of the ferromagnetic metallic-compounds film characterized by 
controlling [ about the ferromagnetic compound film indicated to the above-mentioned claims 1-5 ] the 
size of a perpendicular magnetic anisotropy to become large by making substrate temperature under film 
production high in [ 80 degrees-C or more ] ^00 de crees C or 1e<^ 

[Claim 1 1] The production method ot the lerromagnetic metallic-compounds film characterized by 
changing the size of a perpendicular magnetic anisotropy by carrying out film production of the 
evaporation rate under film production s with the suitable value of the range of 0.004A /or more 0.02A/s 
or less about the ferromagnetic compound film indicated to the above-mentioned claims 1-5. 
[Claim 12] The magnetic-recording medium characterized by using for the record layer upper layer of 
the vertical-magnetic-recording medium equipped with the substrate and the record layer the above- 
mentioned claim 1 or the ferromagnetic metallic-compounds film indicated five times. 
[Claim 13] The magnetic recording medium characterized by having the vertical-magnetic-recording 
medium shown by the above-mentioned claim 12 as a record medium. 



[Translation done.] 
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DETAILED DESCRIPTION 

[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] Especially this invention is concerned with a high 
recording density magnetic recorde r and reproducing devi ce, vertjcal-magnetic-recording material , and 
high satura tion ma gnetization material about a magnetic material and a vertical-magnetic-recordirig 
medium. 
[0002] 

[Description of the Prior Art] Although it is required to weaken magnetic combination between particles 
and to increase the particle number in a record bit in order to prevent a particle noise, i.e., detailed-izing 
of crystal grain, and there is in order that a record bit may approach the size of the crystal grain of a 
magnetic-recording medium with the record medium within a field in connection with the densification 
of magnetic recording, there is a limitation of the grain child to whom a particle becomes smaller than a 
fixed size superparamagnetism-izing, and it becoming impossible to record. 

[0003] Since a_vertical magnetic recording can thicken thickness accordingj a-t he featureutxan enlarge 
volume of a bit. Therefore, examination of vertical magnetic re cording is advanced anH man^Ty^ 
magneti c-recording media which consul of a munulayer Or Iwo-la yer are examined. 
[0004] The material used for the record layer ot a vertical magnetic recording has many which mainly 
used Co system alloy. The perpendicular anisotropy energy of these alloy films is Ku=l-5xl06erg/cc. 
As for saturation magnetic flux density, magnetization tends to stand on a low sake, and since coercive 
force is as large as Number kOe, such material is used as a record layer. However, a magnetic pole to 
leakage flux has weak saturation magnetic flux density to a low sake. 

[0005] Generally the anisotropy of the matter with a perpendicular magnetic anisotropy was decided as 
one with the matter. Generally the method of controlling thickness and adjusting an apparent 
perpendicular magnetic anisotropy as a means to adjust this technically, and the method of guiding a 
magnetic anisotropy by the fine structures in a film (columnar structure etc.) are learned. 
[0006] 

[Problem(s) to be Solved by the Invention] In the Prior art, the film of the alloy of Co system is mainly 
used as the magnetic substance which generates a perpendicular magnetic anisotropy. according to a 
report « this perpendicular magnetic anisotropy — about 4.5xl06erg/cc it is - saturation magnetization - 
- at most — several — it is below a kOe grade Therefore, a magnetic pole to leakage flux is weak. 
[0007] It is a technical problem with three points important for that a high perpendicular magnetic 
anisotropy can be taken with as small when performing high-density record as a trouble on material here/) 
an element as possible, i.e., a perpendicular anisotropy energy is large, that saturation magnetization is I 
high to some extent, and coercive force being a suitable value. 

[0008] Therefore, the purpose of this invention ha s high saturation magnetic flux density after 
^perpendicular magnetization of a record layer with a perpendicular magnetic anisotropy with large 
^ coercive force , and it is what attaches the film which controlled the perpendicular magnetic anisotropy 
and makes the output from a medium high. Magnetization is stabilized by as thin the film as possible, 
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and it has the high saturation magnetization and high perpendicular magnetic anisotropy for making the 
output from a record layer higher, and is in offering the fundamental structure of the material which can 
control this perpendicular magnetic anisotropy further, and the vertical-magnetic-recording medium 
using this. 
[0009] 

[Means for Solving the Problem] In the state where saturation magnetization is high, the technical 
problem of this invention is in the point which shows the matter which can set a perpendicular magnetic 
anisotropy as any value in the specific range in the state of the same composition, though it is fixed. 
[0010]IJere, a pe rpendicular mag netic ^anisolropy means the ease of turning when turning the direction 
ys of membranous magnetization in the perpendicular direction to a film surfac e. When a perpendicular 
^ anisotropy energy is large, magnetization has comparatively easily the property to turn to a direction 
C/ perpendicular to a film surface. When especially this perpendicular anisotropy energy is higher than the 
magnetostatic energy by magnetization, even if it does not give an external magnetic field, 
magnetization has magnetization perpendicular to a film surface. Moreover, coercive force is the size of 
a required magnetic field, when it is going to turn the sense of magnetization to an opposite direction. 
There must be coercive force in a magnetic-recording medium into the range in which record 
demagnetization is possible more greatly than the disorder magnetic field received from the external 
world. 

i*^. [001 1] The material offered by this invention is a multilayer bv which hidden composition is further 
^ carried out at least in the ferromagnetic compound film which has the body-centered tetragorf into which 
, ^ the nonmagnetic atom N or C was made to invade in at least one kind of ferromagnetic metal a tom of 
(£eJCo, and nickel which were^pr oduced on the single crystal substrat e, and this ferromagnetic 
compound film.^F^l^N^ especially produced on the single crystal substrate About a single crystal film, 
A/fa?** Saturation magnetization is in the state of 29.2**0.7kG, a perpendicular anisotropy energy takes the any 
value of the range of 6xl06er?A T or m nrfa 06e rg/cc or ]^ ss. by the Fe-N martensite film , saturation 
. magnetic flux density is in the state of 24.2**0.5kG at a room temperature, and a perpendicular 

anisotropy energy changes from lxl06erg/cc to 5xl06erg/cc. This saturation magnetization is the largest 
in 3d metals, such as Fe and Co, is about 3 times as large as the greatest saturation magnetization of a 
NiFe system, and is a practically sufficiently large value. It is larger than Fe also about an Fe-N 
martensite film. It turns out that a quite big value is taken also about a perpendicular magnetic 
anisotropy as compared with Co. 

[0012] It will become body-centered tetragonal structure, and it will turn out that the magnetic moment 
increases, and the reason for having chosen this material will be because the perpendicular anisotropy 
energy was higher than the conventional metal at this time, if atoms, such as N, trespass upon the 
specific atomic position in ferromagnetic metals, such as Fe, Co, and nickel, alternatively 
experimentally and a crystal lattice is extended in 1 shaft. Although the principle is unknown, it is 
considered by the size of the rule field in a film for the magnetic anisotropy to be large, and if the size of 
the high field of a degree of order becomes large, it will be thought that the perpendicular magnetic 
anisotropy is increasing. 

^ [0013] By this invention, I think that the magnetic recording medium which makes high recording 
\ density possible by the vertical-magnetic-recording medium of the multilayer from which a 
monostromatic is constituted by this at least in such a ferromagnetic compound film and this, and the 
\tyArA high power using this is realizable. 
V V T00141 



[0014] 

[gpbodiments of the Invention] The ferromagnetic compound film or multilayer of this invention was 
i ^V^f>roduced by the following methods. The produced film is (1) Fel6N2. They are a film, (2) FeN 
typ \ ^ martensite film, and (3) FeC martensite film. (1) t o (3) was produced with ultra-high- vacuum vacuum 
evaporationo equipment. The substrate which deposited Fe film of 30nm of thickness was used as a 
substrate o n the GaAs f001 ^ single crystal substrate, the InGaAs (001) single crystal substrate, or the 
MgO (001) single crystal substrate. Jhe temperature up of the temperature of these substrate s was 
carried out in ultra-high- vacuum vacuum evaporationo equipment in [ 120 degrees-C or more ] 2 50 

***** 
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degrees C or less, and it was presupposed that it is fixed. Each film was produced as follows. 
[0015] (1) Suppose that it is fixed at the substrate temperature of 200 degrees C on a Fel6N2 film GaAs 
(001) single crystal substrate, and it is a 0.01 A [/s ] evaporation rate in the N2+NH3 gas atmosphere of 
2xlO-4Torr. It produced. Thickness is 34nm. 

[0016] (2) Suppose that it is fixed at the substrate temperature of 150 degrees C on a FeN martensite 
film GaAs (001) single crystal substrate, and it is a 0.01 A [/s ] evaporation rate in the N2+NH3 gas 
atmosphere of 2xlO-4Torr. It produced. Thickness is 80nm. 

[0017] (3) Suppose that it is fixed at the FeC martensite filr ri fiihstrate temperature of 1 SO decrees C t 
and it is CH3 simultaneously. The beam which ionized gas is irradiated on a film front face, and it is a 
0.01 A [/s ] evaporation rate. It produced. Thickness is 40nm. 

[0018] Fel6N2 of (1) mentioned above The X diffraction pattern about some fields in a membranous 
room temperature is shown in drawing 1 (a), (b), and (c). At less than 1 degree, the width of face 
(deltatheta50) of the peak of drawin g 1 to an X diffraction is thin enough, and is good crystallinity, and a 
y film is a single crystal film. The lattice constant of an a-axis and c axis is called for with 5.72 and 6.28 A 
y from this peak angle, respectively. Therefore, it turns out that a body -centered tetragon is taken as the 
crystal structure. The lattice constant of an a-axis and c axis is called for with 5.72 and 6.28A, 
respectively. The method of searching for from the amplitude of a magnetic torque curve as shown in 
drawing 2 as a means to measure a magnetic anisotropy about this film is common. As a result of 
measuring by such method, perpendicular MAG torque is set to cc in 2.4xl07erg /. Since saturation 
magnetic flux density is 29kG(s), a perpendicular magnetic anisotropy is 7.8xl06erg/cc, and an 
anisotropy field is set to 6.8kOe(s). As a result of measuring from (2) to (3) similarly, in (2), 
perpendicular MAG torque is set to cc in 1.9xl07erg /. a perpendicular magnetic anisotropy since 
saturation magnetic flux density is 24kG(s) -- 3.9x 106erg/cc it is — an anisotropy field is set to 4.1kOe 
(s) At (3), perpendicular MAG torque is 1.7xl07erg/cc. It becomes. Since saturation magnetic flux 
density is 23kG(s), a perpendicular magnetic anisotropy is 4.0x1 06erg/cc, and an anisotropy field is set 
to 4.3kOe(s). 

[0019] T he film of (1 ) to H) mentinnfiH nhnvp r?n provin g a different film of a perpendicular magnetic 
anisotropy, without saturation magnetic flux density changing by the production meth od. Fel6N2 of (1) 
When the temperature at the time of film production was changed and produced, as a film was shown in 
31 of drawin g 3 , the perpendicular magnetic anisotropy increased with the rise of substrate temperature. 
Moreover, when the evaporation rate at the time of film production was made late, as shown in drawing 
4 , the perpendicular magnetic anisotropy increased. Moreover, when substrate temperature was heat- 
treated in 250 degrees C in a vacuum about the film produced on the same conditions, and heat 
treatment time was lengthened, as shown in drawing 5 , the perpendicular magnetic anisotropy increased 
slowly. 

[0020] When the crystal grain in a film processes the direction which becomes large from these things, a 
perpendicular magnetic anisotropy tends to become large. However, since the film produced at this time 
is a single crystal, it is thought that this processing is carrying out the operation to which the volume of 
the field which the invasion atom in a film has arranged regularly becomes large. This inclination is 
almost the same about all the films of (1) to (3) so that clearly from 32 or 33 curves. 
[0021] Next, an ex a mpk i r> °> hown n b^nt th° y Q rtirn1 mnprirt i r r^oHinp medium " sing these films. The 
^conceptual diagram of the yertical-magq ifitif -t'ppor dinR medium of this invention is shown i n drawing 6 . 
£The fundamental structure of a medium consists of a substrate 62 and a record layer 61 produced on it. 
A NiFe film, Co fil m, andXiiilrn may be inserted between a substrate 62 and the record layer 61 , the 
crystal grain of the film of a record layer may be controlled, and the structure 63 aiming at stabilization 
of magnetization may be taken. 

[0022] the material used for the rec ord layer 64 -- CoCr. CoCrPt. CoOT a, arif 1 C.nCrW ptr. — it-used 
The case wffel'e il is made the esse where this record layer 64 is used by the monolayer, and two-layer is 
"almost the case. Thesej:ecord layers 64 were produced by the thickness of dozens - lOOnm of numbers. 
Fe-N martensite was grown up int o the upper surface of this r ecord layer 64 ) pnm in th fokness If the 
perpendicular magnetic anisotropy ot the film 65 at this time is adjusted and it is made for 4piMs-HKP 
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to become smaller than the size of the record layer 64 of a ground, work which amplifies the 
magnetization 64 of a record layer will be carried out. Furthermore, the conceptual diagram of the " 
equipment which read with the magnetic-recording head recorded on this vertical-magnetic-record ing 
medium, and was equipped with the READ head of business is shown in drawin g 7 . The magnetic- 
recording heads 73, 74, and 75 are arranged with the sense with a perpendicular magnetic pole 75 to the 
film surface 71. Moreover, high sensitivity MR (magnetoresistance effect) head or the GMR (huge 
magnetoresistance effect) head is used for the reading head 76. These heads are attached in the slider 
with structure which surfaces slightly from the front face 71 of the vertical-magnetic-recording medium 
which rotates at high speed, perform record reproduction, and constitute the magnetic recording 
medium. 
[0023] 

[Effect of the Invention] As explained in full detail above, according to this invention, a perpendicular 
magnetic anisotropy is large, and, moreover, the matter which can control the size of a perpendicular 
magnetic anisotropy, and the magnetic recording medium using it can be offered with saturation- 
magnetic-flux-density regularity. T he vertical-magnetic-recording reg enerative appai ratu g ^ high 
Recording density may be producible with this. " 

[Translation done.] 
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(54) FERROMAGNETIC METALLIC COMPOUND FILM, 
ITS MANUFACTURE, AND MAGNETIC RECORD 
MEDIUM 

(57) Abstract: 

PROBLEM TO BE SOLVED: To provide a ferromagnetic 
metallic compound film which can be used for 
high-density recording, by fixing saturated magnetic 
flux density of the film within a specific range, and 
making vertical anisotropy energy of the compound film 
controllable to an arbitrary value in a specific range 
by controlling the size and thickness of the area where 
the atoms invaded into the compound film are regularly 
arranged. 



single-crystal substrate and in which nonmagnetic atoms 
of N or C are made to infiltrate into at least one kind 
of ferromagnetic metallic atoms selected from among Fe, 
Co, and Ni and a magnetic recording medium is 
constituted in a mutilayered film containing at least 
one ferromagnetic metallic compound film thus formed. 
For an Fe 16 N 2 single-crystal film formed on a 
single-crystal substrate, the vertical anisotropy energy 
is adjusted to an arbitrary value between 6x10 s erg/cc 
and 25x1 0 6 erg/cc when the saturation magnetization of 
the film is 29.2±0.7 kG. For an Fe-N martensite film, the 
vertical anisotropy energy varies between 1x10 s erg/cc 
and 5*10 6 erg/cc, when the saturated magnetic flux 
density is 24.2±0\5 kG at a room temperature. 



SOLUTION: A ferromagnetic metallic compound film is COPYRIGHT: (C)1999,JPO 
formed on a single-crystal substrate and composed of a 
body-centered tetragonal crystal, which is formed on a 
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[ 6 ] JbHHHSI 1 *» 5 a TW!S«ttfl:^»i * 40 

£ 0 %iy± 3 5 %WFV>Wm.X'MG LtztfZ. , h h 
v^L WEa^XfcjDiTH* #*£0%W±2 0% 

OT<oiiar«R^Lfc^sfflv^ a«k L-tts?^ 

#5.653 AJJIL6 .058 A&TfOflS*^**** 

1 6 - 1 -wm+iz t mmt +&±sm 1 

L 5Ea^^&B^^R<Gf1*:fr8;. 
[fB**7 ] ±iEI»#Jf 1 5 *-C*>SB8ttfl:£a£ 
fH8-T4f:#K. «HSWr^kLTAr^fcCH4 if 50 



X £ 0 %fclh 3 5 %WT<7)S£Til£ , * S V > 
tt . OTEffl^X tiP T H 2 # * £ 0 %ELt 2 0 

5.653 AJSLh 6 ■ 0 5 8 AOTa*ro*»<9$r**IIA 

hit mmttmm\t^m^mmcomif&. 

IiU*S8 ] USfiM6 k 7 k ttJV^SttLfcffiH 

a&icfc wc . -?-o^sa#±iaa^6 k 7 1 cue 

ztx'tfx(r)mMimz$zikz-$. ttwztim^vm 
mh h v mmwy&zmw-t h z t mmt -r *>±ieff 



KiSlfVr. 1X1 O-TTorrJaTOJtffiaEHJR+Tl 

5 ox:oh2 5 or^T^iEH^^Mt-fi^^a 
imm 1 0 ] isntm 1*^5 vg&Lt&m&t 

^WCoi . IKf^S4><0SfijBlK& 8 0 °CULh 3 0 
0°caT^iSBT';tK 1-4 i k J: "3SE«SlP*tt<0 
$ < sQrS i a fclflJW 4 ^ k iWBtt 

[ftassi i ] ±fEB#Bi 5tia^L^ntt^i: 

-^Wfcov^T. AtfHS4><0^BSC^ 0.004A/ 
stLfc.0. 0 2 A/s J3lTO«»oaSiSHiTHfM!-r 

[w^Jii 2] mitsit/tmMtmttimmam 

mftvmm±mfc±im$m 1 =srv ^ l 5 en Lfc»« 

«^ia««*k Ltfflii-r v^i i k ^#mk-ri»ism 

[000 1] 

mmmmmzmi. mzmm®mmmn*m 
a, mwmsiissmm, mmmwtmGmbhtnv 

[0002] 

S <t 9 t,/hS < £4 k WISIttftL, 



10/01/2002, EAST Version: 1.03.0007 



3 

[0003] mwsmsmt. -eowatj: 
[0004] Sisamfes^ieiiyitffli^wm. ± 

^SMESMWISrttx^Hf-JiK u = 1 ~5 x 1 0 6 erg 

[0005] mmimm&zi>^WK<r>mm±. - 

if) tJ:0««»*tttBWW-**«*«HRK:tt4>ft"C 
[0006] 

4.5X1 0 6 erg/cc X'h 0 . fi&MK-fcfi^&k O e 

wmfx-hh. ^xmmt-hwxmmm^. 

I 0 0 0 7 ] T\ WH±tf3BHaSi: tx, S^JK?) 
Eg* ff o -ttti *%tK< /h£ v ifigttft 

\->z 1 1 . i&mtttf&baxx^z t . * 
[0008] «ot. *^aj^aw{i. «86tfj***&n 

[0009] 

[ o o i o ] zzx\ matsmjj&t wt« 
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[0011] *«Wt«ftUfc»Sti, *Hfta«Ll:fe: 

fSUFe, Co. Ni<7)^<fct-afflc03^tt 

WCIi. &WM^2 9.2±0.7kGCDtt»it\ SB 
a^atrttx*/^-*^ X 1 0 s erg/ccJJLt2 5 X 1 
0 6 erg/ccWTcOKHcOffScOffil: t *). Fe -N~?)U 
t>1M MRT{4ttftaCMS«3& J 3SaT2 4 . 2 ± 0 . 5 
kGWRflTC. SiiMmM^ttx^;^-AU X 1 0 6 e 
rg/cc*»<5> 5 x 1 0 8 erg/cc*TSMW-S. .I^S&fnffi 
fl&fcF e^C o&fc'co 3 dAWOfc^TUaki** < » 
N i F e jRoft^^ttnttftJ: 0 L#J3fg*# < . Hffl 

fcitKtT s&osfir khZk #W* . 

[0012] iotm*a/^fa*ii, seawcF e , 

C o , N i ^fc'^ffittft^JR^^S^JI^atN 
-*H«e3tW>A«J:0K< s ar-aT^fc«Ii:t:J:*. -113(4 

*vmr«w*s < 46 k mwmmnmm* 
[0013] *&wx'tez<7)£ o %mmit&toi$tsj; 

[00 143 

40 #«W413lT«*26-CfWLfe. fWIUfcMtt ( 1 ) F 

ei6N 2 (2)FeN7^f^ M, (3)F 
eC^f^ M«"C*i. ( 1 ) ( 3 ) (ieS 

• s^«sa^j: o^sLJt. mat ltg a a s ( o 

0 1 ) W&mSL. *SV^4IrtGaAs (001) *Sf H « 
«. »6V^(iMgO (001) #^ B B B S«±tHJ¥3 0 
nm^FelK^IMILfcfflRifflV^. 

M4>t'Clil<c»^^?a*S: 1 2 0'CJjlt2 5 O'CWTW 

50 [0015] (1) FeieNali 
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G a A s (001) 4i&A£KJ:(c£KiaK2 0 0°CT' 
— fet U 2X10- 4 Torr^N2 + NH3#X»B^4»T-^ 
*3LK 0.01 A/ s Lfc. Hffli 3 4 n m?* 

S. 

[0 0 16] (2)FeN?;^t'f M 
G a A s (001) «KMmfi±{CXffiAK 1 5 O'CT 
-gfcU 2X 1 0- 4 TorrON2 + NH 3 ^S?Hm4 J T" 
aS**KO.OlA/s "CfWUfc. KJWi8 0nmT 
<£>■?> . 

[00 17] (3) FeCV/L-fW M 
3S«ittKl5 0Krc-}£i:U l^rfcCHs 
£ 4 * Vfc Lfc t'- A SffiSBttgHt L T^«aS 0 . 
OlA/s TfBRUfc. fflUBi4 0nin?&4. 

[00 18] ±MUz ( 1 ) OFei 6 N2 Dt£>£&C& 

(a) , (b) , (c ) fcjj?*-. 01*»feX»0»fO!)t- 
?<^i ( A<9 6 o ) tt 1 * *mXWffl< . Sff^*tt 

m. cMcom-femi*tlZ'tl5.7 2, 6. 2 8 At* 

att, ctt<OlW3@Rli*it*h.5.7 
2, 6.28Afc*»fe;h.4. i^MtO^TB^^ 

ismvm&LtM. mmmmh^n 2.4x1 o'er 

g/cc t sflr I. . J&Hatftffil£# 2 9 k g-c* 4 «: t *» 

, SttOaWSftttt 7.8X1 0 6 erg/ccT'S> 0 . A 
*tt«IM46.8kOel£*4. Rttfc:<2)j&»$> (3) 
*T8tgUaB*. (2 ) rttSutajRh/i^li l . 9 x 

1 0 7 erg/cc t & h . f£fffli3l®JK#' 2 4k GT'S> & CI 
SfflB$5**ttH:3.9X 1 0 6 erg/cc TJ> 
0 . W5r{£8IWi4 .lkOet«. ( 3 ) TOSS 
BSlWl^ttl . 7x 1 0'erg/cc 4:5:4. ttftflggft 
*#2 3 k GTft 4 i , SKttftittrttfcU . 0 
x 1 0 6 erg/cc-C*> 0 . »3rttfiWWi4 . 3 k O e 

[ 0 0 1 9 ] ±3* Lfc ( 1 ) ( 3 ) COM4, fBEfir 

tf>S3r*K£tf*T&6. ( 1 ) OFeieNa BBi, K 

^zmmm^mmn^t^ m-MMPv 

[00 2 0] £*U><75£fca»fc» R+<0teffiB*** S < 
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^.ii*. i«ffl|6Ui. <yU(£3 2, 3 3*>iM8a»4>iJte 
*»«r«t-5tc ( 1 ) < 3 ) fO^TWRCovi-CJiffH 

[0021] xzzixim*m»izmtm!tsmm 

*>±fcfl*LfciE»16 1*»6$:4. m.6 2kg»m 
6 1fc<0HlfcNiFe|R. C oI^C rK£tt*. £g 

3S:i:4ifc<)»ft. 

[0022] ieiiil6 4fcfflV^ftip4tiC oCr, Co 
CrPt, CoCrTa, CoCrW WiM^*:. £<9iE$i 
J|6 4l4*l?J^*%&fc2Wc***a*«tei:/,if 

£*i&*)SEiW64fct ^+~SWnmO)i/i 
T"ftt!£ ftfc . d OlB^ii 6 4 <D±ffifc F e — N ~7)l>f 
>-*M b£ff£l OnmM?^. £ <D i: £ <9ffit 6 5 
<7)ffiff$^;frtt£flg U 4sMs- Hkp ^TfficOfB 
MW640*a^J 3lcLT*4i:e» 

0fflcOREADA.. y Htffllifc8lO«*EliEI7K:S^-. 
SaSQEfiK-jf K7 3. 74, 7 
*7 53&*SEsS:|fliS"CaaS*iTV^. M^KD 
^■y F7 6tt, SJSJS'SrMR (?S«fitn^I*) Hft 

*. zti^n^v mismx'®m?hmmwmmi%ft 

CO*® 7 1 3&»^*>-f*»fc»±t* J: 0 &liSi£ t> 

30 IE«ilK*«JSLTv^. 
[0023] 

imim&i aiimuzkoiz. *mizztum 
nimmcommmmmn^mm^mx't 

[Hi ] *%.mz±z>F eitKtmnxim9im7r 
40 -f;i^2r^t-#tt0. 

[ m 2 ] *»HK: J: h F e 1 6 N 2 IBKOSB^ h ;^ flU 

a. 

[04 ] *W!l|fc:J; s f e is Ni Kc7)M?amM*ttO 
[15] #WJJIC <t 4 F e 1 6 N 2 H^SEi^m^^ttO 
[ 16 ] **^t: J: l»SEil^lE«S«ftOil^$:^-r« 

50 aim. 
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[07 1 *%mz£mwMmmmfazmMz®.mz 

1 l-Fei$Ni»0c«c6rmoX|RBBlfft«. 12- 

FeisNzM^d 0 3)W0)X%ffltfiV-'7 . 1 3-F 
eieNz HO ( 1 14) H<0 XtSEJJfftT— ^ . 2 1-S 
l»5lM/?ittaL 3 1-Fei 6 N 2 KoSBffi$l£2r 

<OSttB»W*tt«)KfaaflEflc#tt, 3 3 - F e CM 
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8 

<^e8^^tt«K^H^tt#tts 4 1 • • • F e 1 6 N 

2 mmMs&tt<rMmm&m&* 51-Fe 

i6 N 2 K«Si«l^M^ttOMM^#e, 6 1- 
Kill, 6 2-*K, 6 3-HBML 64, 7 2-K» 

mwmwm.iL 6 5, 7i-aE^iei5iim 

7 K«i«37, 7 4-faSffl^-y 

HW3^;K 7 5-fg$ffl^vFOT§l5&M3 7\ 7 6 
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